Qaims: 

1. A process for the preparation of zeaxantfain wherein said process comprises 
oilturing a recombinant cell containing f amesyl pyrophosphate and isopentyl 
pyrophosphate under ciilture conditions sufficient for the expression of enzymes 

5 which catalyze the conversion of tiie famesyl pyrophosphate and isopentyl 

pyrophosphate to zeaxanthin, sdid recombinant cell being a host cell transformed 
by an expression vector comprising a regulatory sequence and a polynucleotide 
containing the followinjgPNA sequences which encode said enzymes: 

a) a DNA sequence which encodes the GGPP synthase of Flavobacteriimi sp. 
10 R1534 (crtE) or a DNA sequence which is substantially homologous, 

b) a DNA sequence which encodes the preph5rtoene synthase of 
Flavobacterium sp, R1534 (crtB) or a DNA sequence which is substantially 
homologous, 

c) a DNA sequence which encodes the phytoene desaturase of 

15 Flavobacterium sp. R1534 (crtl) or a DNA sequence which is substantially 
homologous, 

d) a DNA sequence which encodes the lycopene cyclase of Flavobacterium sp. 
R1534 (crtY) or a DNA sequence which is substantially homologous, 

e) a DNA sequence which encodes the p-carotene hydroxylase of 

20 microorganism E-396 (crtZEsgg) or a DNA sequence which is substantially 

homologous; 

and isolating the zeaxanthin from such cells or the culture medium. 

2. The process of daim 1 wherein said DNA sequences are: 

a) a DNA sequence which encodes the GGPP synthase of Flavobacterium sp, 
25 R1534(crtE), 

b) a DNA sequence which encodes the prephytoene synfliase of 
Flavobacterium sp. R1534 (crtB), 

c) a DNA sequence which encodes the phytoene desaturase of 
Flavobacterixmi sp. R1534 (crtl). 
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' d) a DN A sequence which encodes the lycopene cyclase of Flavobacterium sp. 
R1534 (crtY), and 

e) a DNA sequence which encodes the p-carotene hydroxylasie of 
microorganism E-396 (crtZE396)- 

5 3. The process of claim 2 wherein: 

a) the GGPP synthase has the aiixino acid sequence of Figure 8, 

b) the prephytoene syntiiase has the amino acid sequence of Figure 9, 

c) the phjMxjene desaturase has the amino acid sequence of Figure 10, 

d) the lycopene cyclase has the amino acid sequence of Figure 11, and 
10 e) the p<arotene hydroxylase has the amino acid sequence of Figure 34. 

4 The process of daim 3 wherein: 

a) the DNA sequence encoding the GGPP synthase comprises bases 2521-3408 
of Figure 7, 

b) the DNA sequence encoding the prephy toene synthase comprises bases 
15 4316-3405 of Figure 7, 

c) the DNA sequence encoding the phy toene desaturase comprises bases 4313- 
5797 of Figure 7, 

d) the DNA sequence encoding the lycopene cyclase comprises bases 5794-6942 
of Figure 7, and 

20 e) the DNA sequence encoding the p-carotene hydroxylase comprises the 

sequence of Figure 33. 

5. A process for the preparation of CMitihaxantiiin wherein sdd process 
comprises culturing a recombinant cell containing famesyl pyrophosphate and 
isopentyl pyrophosphate under culture conditions sufficient for the expression of 
25 enzymes which catalyze the conversion of the famesyl pyrophosphate and 

isopentyl pyrophosphate to canthaxanthin, said recombinant ceU being a host cell 
transformed by an expression vector comprising a regulatory sequence and a 
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polynucleotide containing the following DN A sequenc^^^ 
enzymes: 

a) a DNA sequence which encodes the GGPP synthase of Flavobacterium sp. 
R1534 (crtE) or a DNA sequence which is substantially homologous, 

5 b) a DNA sequence which encodes the prephytoene synthase of 

Flavobacterium sp- R1534 (crtB) or a DNA sequence which is substantially 
homologous, 

c) a E)NA s€iquence which encodes the ph3rtoene desaturase of 
Flavobacterium sp* R1534 (crti) or a DNA sequence which is substantially 

10 hbmplogotis, 

d) a DNA sequence which encodes the lycopene cyclase of Flavobacterium sp. 
R1534 (crtY) or a DNA sequence which is substantially homologous, and 

e) a DNA sequence which encodes the fi-carotene fi4-oxygenase of 
microorganism E-396 (crtWEsgg) or a DNA sequence which is substantially 

15 homologous; 

and isolating the canthaxanthin from such cells or the culture medium. 

6. TTie process of claim 5 wherein said DNA sequences are: 

a) a DNA sequence which encodes ilie GGPP synthase of Flavobacterium sp. 
R1534(crtE), 

20 b) a DNA sequence which encodes the prephj^oene synthase of 

Flavobacterixun sp. R1534 (crtB), 

c) a DNA sequence which encodes the phytoene desaturase of 
Flavobacterium sp. R1534 (crtI), 

d) a DNA sequence which encodes tfie lycopene cyclase of Flavobacterium sp. 
25 R1534(crtY),and 

e) a DNA sequence which encodes the fi-carotene lipoxygenase of 
microorganism E-396 (crtWE396) • 

7. The process of claim 6 wherein: 
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a) the GGPP synthase has the airuno add sequence of Figxire 8, 

b) the prephytoene synthase has the amino acid sequence of Figure 9, 

c) the phytoene desaturase has the amino acid sequence of Figure 10, 

d) the lycopene cyclase has the amino acid sequence of Figure 11, and 

5 e) the fi-carotenefi4-oxygenase has the ainino acid sequence of Figure 32. 

8. The process of claim 7 wherein: 

a) the DN A sequence encoding the GGPP synthase comprises bases 2521-3408 
of Figure 7, - 

b) the DNA sequence encoding the prephytoene synthase comprises bases 
10 4316-3405 of Figure 7, 

c) the DNA sequence encoding the phy tbene desaturase comprises bases 4313- 
5797 of Figure 7, 

d) the DNA sequence encoding the lycopene cyclase comprises bases 5794-6942 
of Figure 7, and 

15 e) the DNA sequence encoding the fi-carotene fi4-oxygenase comprises the 

sequence of Figure 31. 

9. A process for the preparation of astaxanthin and adonbtanthin wherein 
said process comprises ddturing a recoinbinant ceU containing farnesyl 
pyrophosphate and isopaityl pyrophosphate under culture conditions sufficient 
20 for the expression of enzymes which catalyze the conversion of the famesyl 
pyrophosphate and isopentyl pyrophosphate to astaxanthih and adonbcanthin, 
said recombinant cell being a host cell transformed by an expression vector 
comprising a regulatory sequence and a polynucleotide containing the following 
DNA sequences which encode said enzymes: 

25 aj a DNA sequence which encodes the GGPP synthase of Flavobacterium sp. 

R1534 (crtE) or a DNA sequence which is substantially homologous, 

b) a DNA sequence which encodes the prephytoene synthase of 
Flavobacterium sp. R1534 (crtB) or aDNA sequence which is substantially 

-63- 



homologous, 

c) a DNA sequence which encodes the phytoene desaturase of 
Flavobacterium sp. R1534 (crti) or a DNA sequence which is substantially 
homologous, 

5 d) a DNA sequence which encodes the lycopene cyclase of Flavobacterium sp. 

R1534 (crtY) or a DNA sequence which is substantially homologous, 

e) a DNA sequence which encodes the fi-carotene fiioxygenase of Alcaligenes 
PC-1 (crtW) or a DNA sequence which is substantially homologous, and 

f) a DNA sequence which encodes the p-carotene hydroxylase of 

10 microorganism E-396 (crtZE396) or a DNA sequence which is substantiaUy 

homologous; 

and isolating the astaxantihin and adonixanthin from such cells or the culture 
mediimu 

10. The process of claim 9 wherein said DNA sequences are: 

15 a) a DNA sequence which encodes the GGPP synthase of Flavobacterium sp. 

R1534 (crtE), 

b) a DNA sequence which encodes the prephytoene synthase of 
Flavobacterium sp. R1534 (crtB), 

c) a DNA sequence which encodes the phytoene desaturase of 
20 Flavobacterium sp. R1534 (crtI), 

d) a DNA seqxience which encodes the lycopene cyclase of Flavobacterium sp. 
R1534(crtY), 

e) a DNA sequence which encodes the fi-carotene fi4K)xygenase of Alcaligenes 
. PC-1 (crtW)/ and 

25 f) a DNA sequence which encodes the p-carotene hydroxylase of 

microorganism E-396 (crtZE396)- 

11. The process of claim 10 wherein: 



-64- 



a) the GGPP synthase has the amino acid sequence of Figtire 8> 

b) the prephytoene synthase has the amino acid sequence of Figure 9, 

c) the phytoene desaturase has the ainino acid sequence of Figxire 10; 

d) the lycopene cyclase has the amino acid sequence of Figure 11, 

5 e) the fi<arotene 64-oxygenase has the amino acid sequence of Figure 25, arid 

f) the p-carotene hydroxylase has the amino acid sequence of Figure 34. 
12. The process of claim 11 wherein: 

a) the DN A sequence encoding the GGPP synthase comprises bases 2521-3408 
of Figure 7, 

10 b) the DNA sequence encoding the preph3rtoene synthase comprises bases 

4316-3405 of Figure 7, 

c) the DNA sequence encoding the phytoene desaturase comprises bases 4313- 
5797 of Figure 7, 

d) tixe DNA sequence encoding the lycopene cyclase comprises bases 5794-6942 
15 of Figure 7, 

e) the DNA sequence encoding the C-carotene 134-oxygenase comprises the 
sequence of Figure 25, and 

f) the DNA sequence encoding the p-carotene hydroxylase comprises the 
sequence of Figure 33. 

20 13. A process for the preparation of astaxanthin and adonixanthin wherein 

said process comprises culturing a recombinant cell containing f amesyl 
pyrophosphate and isopentyl pyrophosphate under culture conditions sufficient 
for the expression enzymes which catalyze the conversion of the famesyl 
pyrophosphate and isopentyl pyrophosphate to astsbcanthin and adonixanti 

25 said recombinant cell being a host cell transformed by an expression vector 

comprising a regidatory sequence and a polynucleotide containing the following 
DNA sequences which encode said enzymes: v 
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a) a DN A sequence which encodes the GGPP synthase of Flavobacterium sp. 
R1534 (crtE) Ota DN A sequence which is substantially homologous, 

. b) a PNA sequence which encodes the prephytoene synthase of 
navobacterium sp. R1534 (crtB) or a DNA sequence which is substantially 

5 homologous, 

c) a DNA sequence which encodes the phytoene desaturase of 
Flavobacterium sp. R1534 (crti) or a DNA sequence which is substantially 

homologous, 

d) a DNA sequence which encodes the lycopene cyclase of Flavobacterium sp. 
10 R1534 (crtY) or a DNA sequence which is substantially homologous, 

e) a DNA sequence which encodes the b-carotene b4-oxygenase of 
microorganism E-396 (crtWE396) or a DNA sequence which is substantially 

homologoxis, and 

f) a DNA sequence which encodes the p-carotene hydroxylase of 

; 15 nucroorganism E-396 (crtZE396) or a DNA sequence which is substantially 

homologous; 

and isolating tiie astaxanthin and adonixanthin from such cells or the culture 
medium. 

14. The process of claim 13 wherein said DNA sequences are: 

20 a) a DNA sequence which encodes the GGPP synthase of Havobacterium sp. 

R1534(crtE), • 

b) a DNA sequence which encodes the prephytoene synthase of 
Flavobacterium sp. R1534 (crtB), 

c) a DNA sequence which encodes the phytoene desaturase of 
25 Flavobacterium sp. R1534: (crtI), 

d) a DNA sequence which encodes the lycopene cyclase of Havobacterium sp. 
R1534(artY), 



e) a DNA sequence which encodes the fi-carotene fi4-oxygenase of 
ixiiGroorganism E-396 (crtWE396)/ and 

f) a DNA sequence which encodes the p<arotene hydroxylase of 
microorganism E-396 (crtZE396)- 

5 15. The process of claim 14 wherein: 

a) the GGPP syrithase has the amino add sequence of Figure 8, 

b) the prephytoene synthase has the amino acid sequence of Figure 9, 

c) the phytoene desaturase has flie amino acid sequence of Figure 10, 

d) tiie lycopene cyclase has the anwno add sequence of Figure 11, 

10 e) the fi-carotene fi4-oxygenase has the amino add sequence of Figure 32, and 

f) the p-carotene hydroxylase has the amino add sequence of Figure 34. 
16. The process of claim 15 wherein: 

a) tiie DNA seiquence encoding the GGPP synthase comprises bases 2521-3408 
of Figure 7, 

15 b) the DNA sequence encoding the prephytoene syrithase comprises bases 

4316-3405 of Figure 7, 

c) the DNA sequence encbdirig the phytoene d^^ 
5797 of Figure 7, 

d) iiie DNA sequence encoding the lycopene cydase comprises bases 5794-6942 
20 of Figure 7, 

e) ttie DNA sequence encoding the fi-carotene C4-oxygenase comprises the 
sequence of Figure 31, and 

f) tiie DNA sequence encoding the p-carotene hydroxylase comprises the 
sequence of Figure 33. 

25 17. A process for the preparation of adonixanthin wherein said process 

comprises culturing a recombinant cell containing famesyl pyrophosphate and 
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isopentyl pyrophosphate under culture conditions sufficient for the expression of 
enzymes which catalyze the conversion of the f arnesyl pyrophosphate and 
isopentyl pyrophosphate to adonixanthin, said recombinant cell being a host cell 
transformed by an expression vector comprising a regulatory sequence and a 
5 polynucleotide containing the following DN A sequences which encode said 
enzymes: 

a) a DNA sequence which encodes the GGPP synthase of microorganism E- 
396 (crtEE396) or a DN A sequence which is substantially homologous, 

b) a DNA sequence which encodes the prephytoene synthase of 

10 microorganism E-3% (crtBE396) or a. DNA sequence which is substantially 

homologous, 

c) a DNA sequence which encodes the phytoene desaturase of microorganism 
E-396 (crilE396) ^ DNA sequence which is substantially homologous, 

d) a DNA sequence which encodes the lycopene cyclase of microorganism E- 
15 396 (crtYE396) or a DNA sequence which is substantially homologous, 

e) a DNA sequence which encodes the b-carotene b4-oxy genase of 
microorganism E-396 (crtWE396) or a DNA sequence which is substantially 

homologous, and 

f) a DNA sequence which encodes the p-carotene hydroxylase of 

20 microorganism E-3% (crtZE396) or a DNA sequence which is substantially 

homologous, 

said host cell being substantially free of other polynucleotides of 
microorganism E-396; 

and isolating the adonixanthin from such cells or the culture medium. 
25 18. The process of claim 17 wherein said DNA sequences are: 

a) a DNA sequence which encodes the GGPP synthase of microorganism E- 
396(crtEE396)/ 

b) a DNA sequence which encodes the prephytoene synthase of 
microorganism E-396 (crtBE396)/ 
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c) a DNA sequeiKe which encodes the phytoene desaturase of microorganism 
E-396(crtlE396)/ r- 

d) a DN A sequence which encodes the lycopene cyclase of inicroorganism E- 
396(crtYE396); 

5 e) a DNA sequence which encodes the fi-carotene l34-oxygenase of 

microorganism E-396 (crtWE396)/ and 

f) a DNA sequence which encodes the p-carotene hydroxylase of 
microorganism Er396 (crtZ]g395). 

19. The process of claim 18 wherein Ae polynucleotide is plasmid 
10 pE396CARcrtW-E. 
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